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Description 



STABILIZED ELECTRIC DISTRIBUTION 
SYSTEM FOR USE WITH A VEHICLE 
HAVING ELECTRIC ASSIST 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to hybrid electric vehicles 

(HEVs). In particular, the present invention relates to HEVs 
having an electric assist bus electrically coupled to an ac- 
cessory load bus. 

[0003] 2. Background Art 

[0004] a hybrid electric vehicles (HEV) is an example of a vehicle 
having an electric assist bus and an accessory bus. 

[0005] The electric assist bus electrically couples an energy 

source to an electric motor. The electric motor converts 
electric energy to mechanical energy to provide motoring 
torque for use in moving the vehicle and converts me- 
chanical energy to electric energy to capture kinetic en- 



ergy otherwise dissipated during braking. The use of the 
electric motor to provide motoring torque is commonly 
referred to as electric assist. The use of the electric motor 
to provide braking torque is commonly referred to as re- 
generative braking. 

[0006] The accessory load bus electrically couples accessory 

loads to an alternator. The electrical energy provided by 
the alternator is transferred over the accessory load bus 
for use by the accessory loads. The accessory loads typi- 
cally operate best within a predefined voltage range. Ac- 
cordingly, it is desirable to maintain the accessory load 
bus within the predefined voltage range. 

[0007] Electric assist and regenerative braking tends to induce 
voltage variations on the electric assist bus. Such voltage 
variations can become problematic if the accessory load 
bus is electrically coupled to the electric assist bus. In this 
case the accessory loads may experience the voltage vari- 
ations and associated malfunctions or other damage. 

[0008] | n the past, the electric assist bus was electrically isolated 
from the accessory load bus to protect the accessory 
loads from the induced voltage variations. Electrically iso- 
lating the accessory load bus from the electric assist bus 
has some drawbacks. Namely, systems having such iso- 



lated busses tend to be less efficient than systems which 
electrical couple the busses. As such, there exists a need 
to electrically couple the accessory load bus to the electric 
assist bus. 
Summary of Invention 

[0009] The needs identified above are met with a "stabilized" 

electric distribution system of the present invention. The 
system electrically couples an electric assist bus to an ac- 
cessory load bus while protecting the accessory load bus 
from electric assist and regenerative braking induced 
voltage variations. 

[0010] one aspect of the present invention relates to a stabilized 
electric distribution system for use in a parallel mode hy- 
brid electric vehicle (HEV). The system includes an electric 
assist bus, an accessory load bus, a DC/DC converter, an 
energy management controller, an electric motor/gen- 
erator, an ultracapacitor, a battery, an alternator, an ac- 
cessory load, and an energy management controller. The 
ultracapacitor and the electric motor/generator are elec- 
trically coupled to the electric assist bus. The alternator, 
the accessory battery, and the accessory load are electri- 
cally coupled to the accessory load bus. The DC/DC con- 
verter couples the electric assist bus to the accessory load 



bus. In this manner, electric energy can flow between the 
electric assist bus and the accessory load bus. In particu- 
lar, the coupling of the electric assist bus and the acces- 
sory load bus permits electric energy to flow between the 
electric motor/generator, the ultracapacitor, the battery, 
the alternator, and the accessory load. 
[001 1] The energy management controller selectively controls 
each of the electric motor/generator, the DC/DC con- 
verter, and the alternator to affect electric energy distri- 
bution within the system. Preferably, the electric energy 
distribution is controlled to maintain the accessory load 
bus voltage within a predefined voltage range. 
Brief Description of Drawings 

[0012] FIG. 1 illustrates a stabilized electric distribution system in 
accordance with the present invention; and 

[0013] FIG. 2 illustrates an energy management method to main- 
tain an accessory load bus within a predefined voltage 
range in accordance with the present invention. 
Detailed Description 

[0014] FIG. 1 illustrates a stabilized electric distribution system 
10 in accordance with the present invention. The system 
10 includes an internal combustion 14, engine (ICE), an 



alternator 16, an accessory load bus 18, an accessory load 
20, a battery 22, a DC/DC converter 24, an electric assist 
bus 26, an ultracapacitor 28, a DC/AC inverter 30, an 
electric motor/generator 32, and an energy management 
controller 36. 

[0015] The system 10 shown is configured for a parallel mode 

hybrid electric vehicle (HEV), but it could be similarly con- 
figured for series, parallel-series, or hybrid vehicle con- 
figurations coupling an accessory load bus to the electric 
traction assist bus. In addition, the system of FIG. 1 can 
be adapted for use in front wheel drive, rear wheel drive, 
and all wheel drive applications. 

[0016] By way of example, and not limitation, the system of FIG. 
1 is shown as a so-called electronic four-wheel drive sys- 
tem. This system drives front wheels 35 with the internal 
combustion engine 14 providing torque to a front axle 36 
and differential gear 37 and drives rear wheels 38 with 
electric traction assist provided by the electric motor/ 
generator 32 providing torque to rear axle portions 39a 
and 39b. Although not shown, the system could have 
multiple electric motor/generators, for example, on each 
of the axles or wheels. Moreover, the present invention is 
not limited to any particular configuration, and in particu- 



lar, the system could be reversed such that the internal 
combustion engine could be used to drive the rear wheels 
38 with the electric traction assist provided to the front 
wheels 35. 

[0017] The accessory load bus 18 electrically couples together 
the alternator 16, the accessory load 20, and the battery 
22 to permit the flow of electric energy therebetween. The 
electric assist bus 26 electrical couples together the elec- 
tric motor/generator 32, the DC/AC inverter 30, and the 
ultracapacitor 28 to permit the flow or electric energy 
therebetween. The DC/DC converter 24 provides the final 
linking to electrically couple the electric assist bus 26 to 
the accessory load bus 18 to permit the flow of electric 
energy therebetween. In this manner, the system 10 can 
distribute electric energy to each of the DC/AC inverter 
30, the electric motor/generator 32, the ultracapacitor 28, 
the battery 22, and the accessory load 20. 

[0018] As shown, only one accessory load 20 is coupled to the 

accessory load bus 18, but any one or more of an air con- 
ditioning module, a radio module, a lighting module, or 
other electric module could be coupled to the accessory 
load bus. The accessory load 20, whether it be anyone of 
the modules list above or some other module, tends to 



require a relatively narrow operating voltage range. The 
relatively narrow operating voltage range makes it desir- 
able to maintain the accessory load bus 18 within a pre- 
defined voltage range, typically 40 to 45 volts. Preferably, 
the predefined voltage range corresponds with the oper- 
ating voltage range of the accessory load 20. 
[0019] FIG. 2 illustrates an energy management method 44 in ac- 
cordance with the present invention. The energy manage- 
ment method 44 is executed by the energy management 
control 36 to distribute electric energy throughout the 
system in such a manner that the accessory load bus 18 is 
maintained within the predefine voltage range. Preferably, 
the accessory load bus voltage is maintained within the 
predefined voltage range throughout all HEV driving con- 
ditions. 

[0020] The method 44 includes four general energy management 
modes, a start-up mode, a regenerative braking mode, an 
electric assist mode, and a running mode. The energy 
management controller 36 switches between each of 
these modes depending on the HEV driving conditions. 

[0021] start-up mode begins with step 48. Step 48 starts with 
turning the ignition key to an "on" position. The energy 
management controller 36 typically begins in the start-up 



mode. The start-up establishes an initial accessory load 
bus voltage. 

[0022] a step 50 occurs once the HEV is started. Step 50 sets a 
battery state of charge. Step 50 includes checking the 
battery state of charge and determining whether the state 
of charge is "low," "ok," or "high." The preferred battery 
state of charge range is 60-70%, however, this value typi- 
cally varies according to the type of battery and the use of 
the accessory load bus. "Low" corresponds with a state of 
charge less than the preferred battery state of charge 
range. "Ok" corresponds with a battery state of charge 
within the preferred battery state of charge range. The 
battery state of charge is maintained if the battery state of 
charge is determined by step to be "ok." "High" corre- 
sponds with a battery state of charge greater than the 
preferred battery state of charge range. Preferably, the 
battery 22 operates within the preferred state of charge 
range. The preferred state of charge range is a predefined 
range in which the battery needs to remain to achieve its 
desired life span while maintaining acceptable vehicle 
performance. 

[0023] a step 52 raises an alternator set-point if the battery state 
of charge is "low." The set-point refers to a logic com- 



mand received by the alternator which can be used to 
controllably raising or lower the voltage produced by the 
alternator, i.e., the alternator set-point. Increasing the 
set-point increases the alternator voltage to increase the 
amount of current flowing into the battery and conse- 
quently the battery state of charge. 
[0024] a step 54 checks an ultracapacitor voltage if the battery 
state of charge is "high." The step 54 includes checking 
the ultracapacitor voltage and determining whether the 
ultracapacitor voltage is "low," "ok," or "high." The pre- 
ferred ultracapacitor voltage range is 30-50 volts, how- 
ever, this value typically varies according to the type of ul- 
tracapacitor and the use of the electric assist bus. Like the 
battery, "low" corresponds with a ultracapacitor voltage 
less than the preferred ultracapacitor voltage range. "Ok" 
corresponds with a ultracapacitor voltage within the pre- 
ferred ultracapacitor voltage range. The ultracapacitor 
voltage is maintained if the ultracapacitor voltage is de- 
termined by step to be "ok." "High" corresponds with a ul- 
tracapacitor voltage greater than the preferred ultracapac- 
itor voltage range. Unlike the battery, the ultracapacitor 
operates within the entire preferred ultracapacitor voltage 
range without detrimental effect on its predicted life. 



However, if the ultracapacitor state of charge is "low" the 
ultracapacitor cannot provide acceptable electric assist set 
according to design specifications. 
[0025] a step 56 decreases the alternator set-point if the ultra- 
capacitor voltage checked in step 54 is greater than the 
preferred ultracapacitor voltage range. The lowering of 
the alternator set point decreases the alternator voltage to 
prevent further charging of the battery and the ultraca- 
pacitor. 

[0026] a step 58 commands the DC/DC converter to upconvert, 
i.e. to transfer charge from the battery 22 to decrease the 
battery state of charge if the ultracapacitor voltage 
checked in step 54 is less than or within the predefined 
ultracapacitor voltage range. To upconvert, the DC/DC 
converter 24 is controlled to permit electric energy to flow 
from the accessory load bus 18 (or more particularly the 
battery 22) to the electric assist bus 26. 

[0027] a step 62 checks the ultracapacitor voltage if the battery 
state of charge is "ok." Step 62 signifies the completion of 
steps 50-58 and that the battery state of charge is "ok." 

[0028] a step 64 raises the alternator set-point if the ultracapac- 
itor voltage is "low." The raised alternator set-point in- 
creases the alternator voltage to produce more electric 



energy. At the same time, the DC/DC converter 64 per- 
mits the electric energy to flow from the accessory load 
bus 18 to the electric assist bus 26 to charge the ultraca- 
pacitor. The ultracapacitor voltage increases with the in- 
crease of alternator voltage. The method 44 double- 
checks the battery state of charge by repeating steps 
50-56. 

[0029] a step 68 enables electric assist if the ultracapacitor volt- 
age is "ok" or "high." Optionally, the HEV may be prohib- 
ited from moving until electric assist is enabled. Accord- 
ingly, it is preferably to conduct steps 48-68 as quickly as 
possible to limit the time the HEV must remain idle prior 
to driving. Enablement of electric assist indicates the ul- 
tracapacitor 38, the battery 22, and the alternator 16 are 
properly set to establish the accessory load bus voltage 
within the desired predefined voltage range. The driving 
operation of the HEV determines the next action taken by 
the energy management controller. 

[0030] a step 72 determines which energy management mode to 
enter based on commands from a vehicle system con- 
troller (not shown). Once electric assist is enabled, the en- 
ergy management controller 36 can operate in anyone of 
the regenerative braking mode, the electric assist mode, 



and the running mode. The energy management controller 
switches between each of these modes depending on the 
HEV driving conditions. Each of the modes maintains the 
accessory load bus voltage within the predefined voltage 
range. 

[0031] a step 74 initiates electric assist mode if electric assist is 
requested of step 72. Electric assist can be requested di- 
rectly by the driver, for example, via an accelerator pedal, 
or autonomously by a vehicle system controller or other 
suitable means. The electric assist request prompts the 
energy management controller 36 to determine the torque 
available for electric assist. The energy management con- 
troller then instructs the electric motor/generator 36 to 
consume electric energy to produce the torque. The elec- 
tric energy management controller can be implemented as 
part of a vehicles system controller or separately as a 
physical or logical unit. 

[0032] The control of the electric motor/generator can continue 
with the energy management controller 36, a vehicle sys- 
tem controller, or an electric motor/generator controller. 
In some cases, the energy management controller 36 de- 
termines an available torque and another controller, such 
as the vehicle system controller, coordinates the available 



electric assist torque with other vehicle operating parame- 
ters to control torque production. 

[0033] The available electric assist torque corresponds with the 
amount of torque the electric motor/generator can pro- 
duce. More specifically, the available electric assist torque 
is a function of an electric motor/generator speed (rpm) 
and the ultracapacitor voltage (vcap). The electric motor/ 
generator 32 can provide torque as long as electric energy 
flows to the electric motor/generator 32. 

[0034] The accessory load bus voltage 18 is maintained within 
the predefined voltage range during electric assist. The 
DC/DC converter 24 prevents electric energy to flow from 
the accessory load bus 18 to the electric assist bus 26. As 
such, the accessory load bus voltage is maintained. The 
accessory load 20 can consume electric energy during 
electric assist, in which case, the alternator 16 and the 
battery 22 can provide the necessary electric energy to 
maintain the accessory load bus voltage within the prede- 
fined voltage range. 

[0035] Optionally, an aspect of the HEV may be that electric as- 
sist is always available. This is common on all-wheel drive 
HEVs, especially of the type wherein the electric assist 
provides torque to wheels which are isolated from the in- 



ternal combustion engine, i.e., electric assist drives the 
front wheels and the internal combustion engine drives 
the rear wheels. Such full-time electric assist can require 
the DC/DC converter 24 to permit energy flow between 
the electric assist bus 22 and the accessory load bus 18 if 
the ultracapacitor 28 becomes drained during electric as- 
sist. In this case the energy management controller 36 
controls the DC/DC converter 24 to permit energy flow to 
the electric motor/generator 32. The energy flow can 
come from one of or both the battery 22 and the alterna- 
tor 16. 

[0036] The energy management controller 36 exists electric as- 
sist mode and returns to step 72 if the electric assist 
torque request ceases or the electric motor/generator 32 
is unable to provide further electric assist. Other condi- 
tions can also force exiting of electric assist mode, such 
as a fault condition. A step 78 initiates regenerative brak- 
ing mode if step 72 determines a request for regenerative 
braking is received. The regenerative braking request typ- 
ically originates from the vehicle system controller. 

[0037] step 78 sets an alternator set-point to zero. The zero set- 
point forces the alternator voltage to zero to stop the al- 
ternator from transferring electric energy to the accessory 



load bus. Regenerative braking adds electric energy to the 
system. As such, the added energy eliminates the need to 
consume the fuel used by the alternator. However, even 
during regenerative braking, the accessory load bus volt- 
age 18 must still be maintained within the predefined 
voltage range and the accessory load 20 must still receive 
a sufficiently stable supply of electric energy. 

[0038] step 78 maintains the accessory load bus 18 within the 

predefined voltage range by allowing energy flow from the 
electric assist bus 26 to the accessory load bus 18 
through the DC/DC converter 28. The DC/DC converter 
voltage is set at a first DC/DC converter voltage to supply 
energy to the accessory load if the battery 18 is suffi- 
ciently charged. The DC/DC converter 24 is set at a sec- 
ond DC/DC converter voltage to recharge the battery 
electrically and to supply energy to the accessory load. 
The second DC/DC converter voltage is greater than the 
first DC/DC converter voltage. 

[0039] a step 80 determines acceptable regenerative braking pa- 
rameters. The parameters are based upon the speed of 
the electric motor/generator and the ultracapacitor volt- 
age. Step 80 keeps regenerative braking at its maximum 
allowable level preferably until the ultracapacitor is fully 



charged. Once the ultracapacitor 30 has reached its maxi- 
mum allowable voltage the braking torque is reduced to a 
level that matches the amount that can be absorbed by 
the accessory loads 18 through the DC/DC converter 24. 

[0040] Finally, energy management controller 36 exits regenera- 
tive braking mode and returns to step 72 at the competi- 
tion of regenerative braking. The completion of regenera- 
tive braking can correspond with the determinations made 
in step 80 or with a need to provide electric assist. 

[0041] step 72 initiates running mode if step 72 determines 

there are no requests for regenerative braking and electric 
assist. In other words, running mode corresponds with the 
absence of a torque request, i.e. the absence of the nega- 
tive torque request of regenerative braking and the ab- 
sence of the positive torque request of electric assist. 

[0042] The running mode corresponds with the HEV being driven 
in a relatively steady-state. Preferably, the running mode 
provides an opportunity to position the system to maxi- 
mize regenerative braking energy or electric power assist. 
The running mode is typically active most of the time be- 
cause it corresponds to cruising or mild acceleration con- 
ditions. Running mode is similar to start-up mode in that 
the general object of both modes is to establish the ac- 



cessory load bus voltage within the predefined voltage 
range and to tune the alternator 16, the battery 32, and 
the ultracapacitor accordingly 28. 
[0043] a step 84 sets the battery state of charge. A step 86 low- 
ers the alternator set-point to decrease the alternator 
voltage to prevent further charging of the battery if the 
battery state of charge is "high." A step 88 raises the al- 
ternator set-point to increase the alternator voltage to 
provide additional charging of the battery if the battery 
state of charge is "low." A step 90 checks the ultracapaci- 
tor voltage if the alternator set-point is adjusted in steps 
86-88 or if step 84 determines the battery state of charge 
is "ok."A step 92 checks the speed of the HEV if step 90 
determines the ultracapacitor voltage to be "low." The 
speed check determines whether a regenerative braking 
event is likely to occur. The need to provide electric assist 
under all driving conditions requires the ultracapacitor 
voltage to be available whenever possible. As such, the 
"low" ultracapacitor should be charged if a regenerative 
braking event is unlikely. Otherwise, electric assist may be 
unavailable. 

[0044] a step 94 upcharges using one or both of the battery 22 
and the alternator 16 if step 92 determine a "low" speed. 



Step 94 provides additional energy to the ultracapacitor 
28 to increase the ultracapacitor voltage. To upcharge, the 
energy management controller 36 controls the DC/DC 
converter 24 to permit energy to flow from the accessory 
load bus 18 to the electric assist bus 26. The alternator 
voltage is controller to ensure that during this charge of 
the ultracapacitor the first electrical bus voltage remains 
within the predefined voltage range. 
[0045] Alternatively, the energy management controller exits 

running mode if step 92 determines the vehicle speed is 
"high." The "high" vehicle speed indicates a regenerative 
braking opportunity is possible. The energy management 
controller returns to step 72 to continue running mode or 
to conduct regenerative braking if such a request is re- 
ceived. 

[0046] a step 96 checks the speed of the HEV if step 90 deter- 
mines the ultracapacitor voltage to be "high." A "high" 
speed indicates a regenerative braking event is likely to 
occur. The "high" ultracapacitor voltage indicates the ul- 
tracapacitor has excess energy to provide to the accessory 
load bus 18. The excess energy can be used to charge the 
battery 22 and to power the accessory load 20. Advanta- 
geously, fuel consumption can be decreased in this man- 



ner. However, it may be undesirable to do so if the ultra- 
capacitor is not likely to be charged through regenerative 
braking. 

[0047] a step 98 bleeds the ultracapacitor if step 96 determines 
the HEV speed to be "high." Step 98 supplies energy from 
the ultracapacitor to the accessory load bus 18 with the 
anticipation of recharging the ultracapacitor in the near 
future. Accordingly, the energy management controller 36 
controls the DC/DC converter 24 to permit electric energy 
to flow from the electric assist bus 26 to the accessory 
load bus 18 at the expense of decreasing the ultracapaci- 
tor voltage. 

[0048] Alternatively, the energy management controller 36 exists 
running mode if step 96 determines the vehicle speed is 
"low" or "ok." The "low" or "ok" vehicle speed indicates a 
braking event may be unavailable. As such, the need to 
provide electric assist under all driving conditions pre- 
vents bleeding the ultracapacitor 28. Without the anticipa- 
tion of recharging the ultracapacitor 28 it is desirable to 
keep the ultracapacitor 28 charge so that electric assist 
availability can be maintained. 

[0049] Throughout each operating mode, the energy manage- 
ment controller 36 is able to execute each step in a rela- 



tively rapid manner. As such, the raising and lower of the 
alternator set-point, the bleeding of the ultracapacitor, or 
the upcharging of one or more of the battery and the ul- 
tracapacitor, is relatively instantaneous. The increase or 
decrease in energy resulting from one of these actions is 
then checked with continued execution of one or more of 
the above steps. Accordingly, the system 10 continuously 
monitors electric energy flow to maintain the accessory 
load bus voltage, but also to take advantage of the elec- 
trically coupled bus to pass electrical energy therebetween 
such that fuel efficiency and the availability of electric as- 
sist is maximized. 

[0050] The battery 22 and the ultracapacitor are passive devices. 
As such, the energy management controller can only con- 
trol one or more of the DC/DC converter 22, the electric 
motor/generator 32, and the alternator 16 to manage the 
energy flow in the system 10. Alternatively, however, the 
motor/generator 32 can be controlled by means of the 
DC/AC inverter 30. 

[0051] The electric coupling of the electric assist bus 26 to the 
accessory load bus 18 byway of the DC/DC converter 24, 
especially when taken in combinations with the forgoing 
energy management control method 44, provides a novel 



and stabilized electric distribution system 10. The present 
invention is particularly advantageous in parallel mode 
HEVs having the electric assist bus electrically coupled to 
the accessory load bus. 
[0052] while the best mode for carrying out the invention has 
been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the invention 
as defined by the following claims. 



